The PR-11 peptide corresponds to the N-terminal and active region of the endogenously synthesized PR-39 molecule, of porcine origin. It is known to possess various biological effects including antimicrobial properties, angiogenic and anti-inflammatory activities. Apart from its reported activity as a proteasome inhibitor, a more comprehensive understanding of its function, at the molecular level, is still lacking. In this study, we used a label-free shotgun strategy to evaluate the proteomic alterations caused by exposure of cultured fibroblasts to the peptide PR-11. This approach revealed that more than half of the identified molecules were related to signalling, transcription and translation. Proteins directly associated to regulation of angiogenesis and interaction with the hypoxia-inducible factor 1-α (HIF-1α) were significantly altered. In addition, at least three differentially expressed molecules of the NF-κB pathway were detected, suggesting an anti-inflammatory property of PR-11. At last, we demonstrated novel potential ligands of PR-11, through its immobilization for affinity chromatography. Among the eluted molecules, gC1qR, a known complement receptor, appeared markedly enriched. This provided preliminary evidence of a PR-11 ligand possibly involved in the internalization of this peptide. Altogether, our findings contributed to a better understanding of the cellular pathways affected by PR-39 derived molecules.
Introduction
The peptide PR-11, a~1.4 kDa molecule highly rich in proline and arginine residues, corresponds to the N-terminal active region of PR-39, the latter formerly isolated from the small intestine [1] and bone marrow of pigs [2] . PR-39 acts against a wide spectrum of bacteria, including clinical isolates resistant to multiple drugs [3, 4] . At micromolar concentrations, the peptide is rapidly internalized and interferes with various cellular processes such as inhibition of DNA synthesis and translation. At higher levels, a bactericide activity is also observed, possibly by perturbation of cell membrane stability [5, 6] . Aside from its antimicrobial properties, PR-39 stimulates neutrophil migration [7] , inhibits apoptosis [8] [9] [10] and reduces motility and cell proliferation in cancer tissues [11, 12] . PR-39 has been shown to bind intracellular SH3 domain-containing proteins [13] and its role as a proteasome regulator also reported. The hypoxia signalling and NF-κB pathways are known to be compromised by PR-39 proteasome-dependent inhibition resulting in angiogenic [14] and anti-inflammatory effects [15, 16] , respectively. Sequential Cterminal residue deletions of PR-39 in parallel to evaluation of the resulting activity over the 20S proteasome, revealed the requirement of at least 11 N-terminal amino acids to sustain its inhibitory property, in a dose-dependent manner [17] . Atomic force microscopy also demonstrated that upon binding of PR-39 and PR-11 to 26S and 20S proteasomes, their cylindrical architecture is reversibly altered [17] .
Given the wide repertoire of biological activities of PR-39 and PR-11 and the limited knowledge of their interfering molecular pathways, we used a label-free shotgun approach to evaluate the proteome alterations caused by exposure of cultured fibroblasts to 1 μM PR-11. Our findings demonstrated that N50% of the identified differentially expressed proteins are related to cell signalling, transcription and translation. In addition, using immobilized PR-11 affinity chromatography, we were able to identify novel potential ligands, providing a better understanding of its mechanism of action.
Materials and methods

Ethics statement
The procedures involving animals were carried out in accordance with the Brazilian legislation (11790/2008). They were reviewed and approved by the local ethics committee on animal experimentation (CEUA), Universidade Federal de Ouro Preto (UFOP), and received the protocol number 2013/09.
Synthesis of the PR-11 peptide
PR-11 peptide was chemically synthesized based on the amino acid composition of the 11 N-terminal residues (RRRPRPPYLPR) of PR-39. PR-11 was purified by HPLC using reversed-phase chromatography (Shimadzu Scientific Instruments) ( Supplementary Fig. 1 ), identified by direct injection in an IT-TOF mass spectrometer (Shimadzu Scientific Instruments) and finally reconstituted in water. Peptide concentration was calculated using the molar extinction coefficient at 280 nm of its constituent tyrosine residue (1280 M −1 cm
−1
).
Fibroblasts culture and exposure to PR-11 peptide
Fibroblasts were obtained from lungs of neonate Wistar rats, aged 2 days and of approximately 5 g weight. Briefly, after removal of the lungs, these were washed in 1 × ADS buffer (115 mM NaCl; 20 mM Hepes, 1 mM Na 2 HPO 4 , 5 mM D-glucose; 5 mM KCl; 1.6 mM MgSO 4 ) and subjected to 3 cycles of digestion with 0.8 mg/mL pancreatin (Sigma-Aldrich) for 20 min at 37°C. Cells were recovered by centrifugation at 1.000 ×g for 10 min and resuspended in DMEM medium supplemented with 15% v/v fetal bovine serum and 1% v/v penicillin/ streptomycin. Prior to exposure of cells to PR-11, a minimum cell confluence of N90% throughout the well was required under microscopic observation and the supernatant should contain a negligible number of detached cells. Primary fibroblast cultures (unique passage) were exposed to 1 μM PR-11 during 2, 6 and 10 h. Control cultures, in which water was added instead of the water-soluble peptide, were obtained for the same time points. At the end of the incubation periods, the supernatant containing PR-11 peptide was completely removed and the cells were gently detached from the wells using the TrypLE reagent (Gibco). These were finally recovered by centrifugation. The experiments were performed in biological triplicates.
Soluble protein extract and in solution digestion
Control and treated fibroblasts were resuspended in 500 μL of 25 mM Tris-HCl pH 7.5; 1 mM DTT and 1% v/v glycerol buffer containing 1× protease inhibitor cocktail (Sigma-Aldrich). Samples were sonicated on ice through 4 cycles of 20 pulses each, with 45 s rest between cycles. The homogenates were centrifuged at 100,000 × g for 1 h and the protein concentration determined by BCA method (Thermo Scientific).
Soluble proteins present in a 20 μg aliquot were reduced using 4 mM dithiothreitol (Sigma-Aldrich) in 100 mM ammonium bicarbonate at 56°C for 15 min and then alkylated in 8 mM iodoacetamide (Sigma-Aldrich) for 15 min in the dark. Enzymatic digestion was carried out at 37°C for 18 h using 0.8 μg Sequencing Grade Modified Trypsin (Promega) and the reaction was interrupted by acidification with 10 μL acetic acid. Tryptic peptides were cleaned up using a Strata C18-E cartridge (55 μm, Phenomenex), dried over speed vacuum and resuspended in 0.1% v/v formic acid.
Mass spectrometry analysis: in solution digestion
For each sample, 3 μg of tryptic peptides were separated in a UltiMate® 3000 UHPLC system (Thermo Scientific) equipped with a C18 column (PepMap Acclaim RSLC -75 nm × 15 cm, Thermo Scientific) under mobile phase flow of 0.3 μL/min using a nonlinear gradient (4 to 90% of 80% v/v acetonitrile and 0.1% v/v formic acid) during 180 min. The eluted peptides were ionized in a ESI-nanospray interface and analyzed in a Q-Exactive™ Hybrid Quadrupole-Orbitrap instrument (Thermo Scientific) under the acquisition mode Full MS followed by MS/MS. The following operating parameters were set: Full MS resolution: 70.000; MS/MS resolution: 17,500; scan range: 300-2000 m/z; 12 most abundant isotope patterns scanned; loop count: 10; isolation window: 2.0 m/z; ions exhibiting charge +2, +3 or +4; dynamic exclusion: 60 s; positive ionization mode.
The Xcalibur v.3.0.63.3 and MaxQuant v.1.5.2.8 softwares [18] were used for the acquisition and data analysis, respectively. Database searches were performed using a UniProt Rattus norvegicus compilation containing 30,091 sequences. Search parameters included: enzyme: trypsin/P; carbamidomethylation of cysteine as fixed modification; oxidation of methionine and N-terminal acetylation as variable; maximum missed cleavage sites: 2; mass tolerance: 4.5 ppm; isotope match tolerance: 2 ppm; minimum peak length: 2; False Discovery Rate (FDR) and Peptide Sequence Match (PSM): 0.01; minimum ratio count: 2. Relative abundance of proteins were obtained using Label-Free Quantification (LFQ) provided by the LFQ intensity data (unique + razor peptides).
Statistical analyses and protein functional categorization
Statistical analysis was performed using the Graph Pad Prism software v.6.01. For each exposure time to the PR-11 peptide, proteins exhibiting at least two LFQ intensity data among the three biological triplicates were regarded genuine identifications. These were subjected to a t-test and the proteins with p b 0.01 were considered significantly altered. Differentially expressed proteins were categorized using the UniProtKB database (available at www.uniprot.org) according to their biological functions.
Total protein extraction, affinity chromatography and in gel digestion
A liver protein extract from Wistar rat was obtained for use in immobilized PR-11 affinity chromatography. Approximately 100 mg tissue section was homogeneized in 1 mL of extraction buffer (50 mM Tris-HCl pH 7.5; 100 mM NaCl) containing 1 × protease inhibitor cocktail (Sigma-Aldrich). Sample was sonicated on ice through 5 cycles of 20 pulses each, with 45 s rest between cycles. The homogenate was centrifuged at 20,000 × g for 1 h and the protein concentration determined by BCA method (Thermo Scientific).
Coupling of PR-11 peptide to the Sepharose 4B matrix was performed as previously described [19] . Approximately 10 mg of total proteins were loaded onto a 1 mL column containing immobilized PR-11. The column was extensively washed with 50 mM Tris-HCl pH 7.5; 300 mM NaCl and 5 mM MgCl 2 and the bound fraction recovered after loading 1 mL of 50 μM PR-11. The collected samples were dialyzed in 10 mM ammonium acetate pH 7.4 and dried over speed vacuum. Aliquots taken from the collected samples were analyzed under denaturing conditions using 12% SDS-PAGE as classically described [20] and the gel stained in silver nitrate.
Visualized bands from the bound fraction were excised manually for in gel digestion. The bands were destained in 0.5% w/v potassium ferricyanide/10% w/v sodium thiosulfate and washed in 40% v/v ethanol/7% v/v acetic acid. Disulfide bonds were reduced in 500 μL of 50 mM DTT at 65°C for 30 min and alkylated in 300 μL of 100 mM iodoacetamide at room temperature for 1 h in the dark. Gel pieces were washed in 500 μL of 20 mM NH 4 HCO 3 /50% v/v acetonitrile for 3 × 20 min and dried in a speed vacuum. Then, gel pieces were rehydrated in 20 μL of 0.033 μg/μL Sequencing Grade Modified Trypsin (Promega) in 20 mM NH 4 HCO 3 . Trypsin digestion proceeded at 37°C for 18 h. For each sample, the resulting peptides were recovered, dried over speed vacuum and resuspended in 10 μL of 0.1% formic acid.
Mass spectrometry analysis: in gel digestion
Tryptic peptides from each band were loaded onto a UltiMate® 3000 UHPLC system (Thermo Scientific) equipped with a C18 column (PepMap Acclaim RSLC -75 nm × 15 cm, Thermo Scientific). A nonlinear gradient was set to 4-90% of 80% v/v acetonitrile in 0.1% v/v formic acid during 45 min under a flow rate of 0.3 μL/min. The eluted peptides were ionized in a ESI-nanospray interface and analyzed in a QExactive™ Hybrid Quadrupole-Orbitrap instrument (Thermo Scientific) under the acquisition mode Full MS followed by MS/MS. The following operating parameters were set: Full MS resolution: 70.000; MS/MS resolution: 17.500; scan range: 300-2000 m/z; 10 most abundant isotope patterns scanned; loop count: 10; isolation window: 2.0 m/z; ions exhibiting charge +2, +3 or +4; dynamic exclusion: 90 s; positive ionization mode.
The Xcalibur v.3.0.63.3 and Proteome Discoverer v.1.5.2.8 softwares were used for acquisition and data analysis, respectively. Database searches were performed using a UniProt Rattus norvegicus reviewed compilation containing 9584 sequences. Search parameters included: enzyme: trypsin/P; carbamidomethylation of cysteine as fixed modification; oxidation of methionine and N-terminal acetylation as variable; one miscleavage site; mass tolerance: 10 ppm and 0.1 Da to MS and MS/ MS, respectively; peptide mass: 300-4000 Da; high peptide confidence; at least 3 unique peptides per identified protein; quantification by area detector. A minimum of 10% contribution to the total area detected in each band was required to assign a protein identity.
Results
Label-free quantitative proteomics
Shotgun analyses of the soluble fractions, from cultured fibroblasts exposed to 1 μM PR-11 for 2, 6 and 10 h, revealed a total of 1941 molecules confidently identified in at least one of the three timing points (Supplementary Table 1 ). Using the LFQ intensity data, a Spearman correlation analysis was conducted to assess sample reproducibility in the three independent biological replicates. As shown in Supplementary  Fig. 2 , correlation coefficients varied from 0,917 to 0,980, indicating that samples were suitable for downstream comparative analyses. Then, by applying a stringent criteria for quantification of differentially expressed proteins (p b 0,01), it was found 57, 67 and 59 molecules significantly altered in PR-11 exposed fibroblasts treated for 2, 6 and 10 h, respectively ( Fig. 1) . After 2 h exposure, 26 proteins were downregulated, whilst 31 were at increased levels relative to untreated cells. At 6 h post exposure, both the number of down-and upregulated molecules increased to 29 and 38, respectively. At 10 h, 2/3 of the differentially expressed proteins (39) were downregulated and the remaining (20) was found at increased levels. Of note, according to our statistic criteria for quantification the differentially expressed proteins were mostly unique to each time point, as shown in Fig. 2 . Although 1388 (71,5% of the total) proteins were commonly identified in the three time points ( Fig. 2A) , only seven shared identities appeared differentially expressed (Fig. 2B ).
Categorization of differentially expressed proteins
All 175 differentially expressed proteins (p b 0,01) were classified according to their biological function into 9 distinct categories using UniProtKB annotation, Fig. 3 and Table 1 . Over 50% of the categorized proteins are involved with cell signalling (74) and transcription/translation (33) . Out of 59 differentially expressed proteins found at 2 h, 17
were unique from untreated cells whilst 27 were found in PR-11 exposed fibroblasts. At this time point, proteins exhibiting the most altered levels were mitochondrial fission 1 protein (0,47 fold -cell signalling), the translation initiation factor eiF2B subunit delta (1, 59 fold -transcription/translation) and nucleoporin 85 kDa (1,95 foldstructural).
At 6 h post exposure, out of 67 molecules significantly altered, 14 and 33 proteins were found only in control or treated fibroblasts, Fig. 1 . Volcano plots revealed similar distribution of down-and upregulated molecules throughout the three timing points. A-C: Protein expression in fibroblasts exposed to 1 μM PR-11 during 2, 6 and 10 h measured by fold (±) and p value. Differentially expressed proteins (p b 0,01) are exhibited above the dashed horizontal line. Proteins detected only in untreated cells or exposed fibroblasts are displayed above fold infinity (±). Median folds were obtained using the three independent biological triplicates.
respectively. Cell signalling category had the highest number of altered proteins (29) , highlighting the downregulation of vesicle trafficking 1, SEC23 homolog B (0,65 fold), RACK1 and SEC24 homolog D (0,66 fold) and the upregulation of CGR11 (1,83 fold), R-ras (1,48 fold) and 14-3-3 protein beta/alpha (1,46 fold). Transcription/translation was the second category containing a significant number of altered proteins. In particular, decreased levels for 4 quantified proteins -acinus, 40S ribosomal protein S4, hnRPN D and the translation elongation factor eEF1B2 (0,75; 0,75; 0,77 and 0,81) -were observed. In the group of structural proteins, mitochondrial inner membrane protein (0,65 fold) and transgelin-2 (1,25 fold) were the two molecules showing the most pronounced alterations.
After 10 h exposure, 19 out of 39 significantly downregulated proteins were found only in untreated fibroblasts, whilst 16 out of 20 from PR-11 exposed cells exhibited increased levels. Exportin-2 (0,56 fold), ataxin-10 (0,57 fold) and cysteine and glycine-rich protein 1 were the most altered cell signalling representatives. Within transcription/translation category, out of 11 molecules differentially expressed, SFRS7 was the unique quantified protein in both treated and untreated cells (1,17 fold).
Identification of PR-11 binding proteins
A liver protein extract from Wistar rat was loaded onto an immobilized PR-11 affinity chromatography. Unspecific binding was addressed by applying a stringent washing step (300 mM NaCl). This procedure intended to disrupt electrostatic interactions and removal of bound proteins with low affinity to the column. After exhaustive washing steps, one column volume was dried to completion and analyzed by SDS-PAGE. Silver staining on the gel revealed no protein band (Fig. 4 , FPE: fraction prior to elution). Elution of bound material was performed using 50 μM PR-11. 12% SDS-PAGE allowed the visualization of 9 bands in the eluted fraction (Fig. 4 , EF: eluted fraction). These were successfully identified by mass spectrometry (Table 2) . Of particular interest, band 7 contained a dominant constituent (relative area detector: 96.2%) identified as the gC1qR protein. 78 kDa glucoseregulated protein (band 2), ornithine carbamoyltransferase (band 6) and carbonic anhydrase 3 (band 8) were also prominent in their respective bands contributing to at least 65% of the relative area detected.
Discussion
In this study we seek to investigate the soluble proteome alterations caused by exposure of fibroblasts to the peptide PR-11 to gain further understanding of its biological functions. Knowledge of its angiogenic and anti-inflammatory properties makes PR-11 of particular interest for specific processes, such as wound repair via topic administration or infused through different routes. In the present work, micromolar concentration was employed to account for PR-11 peptide degradation or limited absorption. The choice of the micromolar range has been also reported by other studies that used PR-39 derived molecules in cell cultures or distributed through tissues [15, 21] .
By combining improved resolution for chromatographic separation of peptides and increased accuracy of modern mass spectrometry instrumentation [22, 23] we were able to identify and quantify almost two thousand soluble proteins, using a label-free shotgun approach. The statistical analysis was performed as described by the inventors of the MaxQuant software [18] , in which a standard t-test is employed. This test was used to measure minor alterations in protein levels in this first global analysis of proteome alterations induced by the PR-11 peptide. A more stringent condition of analysis could mask some real and existing alterations. The detected protein abundance differed in five orders of magnitude, allowing for quantitative evaluation of proteomic alterations among major and minor components of our protein preparation. The volcano plots displayed a similar distribution of upand downregulated molecules throughout the three timing points. Nevertheless, analysis of the Venn diagram demonstrates unique proteome alterations caused by PR-11 at the different sampling times, relative to the respective non-exposed control cells, possibly reflecting cell-stage specific proteins altered by the treatment.
In total, 175 molecules were found at increased or decreased levels over the 10 h experiment. Protein categorization, using biological function, revealed that over 40% is represented by molecules involved in cell signalling. In fact, PR-39 and PR-11 are known to interfere with important cellular pathways such as the hypoxia-inducible factor 1-α (HIF-1α) [14] and nuclear factor kappa B (NF-κB) [15, 16] . Here we proposed to initiate the discussion of our findings in the context of these two signalling events to give mechanistic insights into the putative roles of PR-11 in cell biology.
-Hypoxia-inducible factor-1 α pathway
The peptides PR-39 and PR-11 are able to stimulate angiogenesis both in vitro and in vivo [16, 17] . Studies have shown that the transient expression of PR-39 in cardiomyocytes resulted in increased vascularization, reduced resistance to blood flow and myocardial hypertrophy [14, 24, 25] . These effects are partially explained by decreased proteasomal degradation of HIF-1α, a molecule known to regulate the expression of several genes related to angiogenesis, including VEGF (vascular endothelial growth factor) and its receptor (VEGFR-1) [14] . In this context, at 6 h exposure we found decreased expression of RACK1 (receptor for activated C kinase), which mediates ubiquitin-dependent proteasomal degradation of HIF-1α [26] , consequently allowing for sustained cellular levels of this factor to favour angiogenesis. Our findings also revealed downregulation of hnRPN D (heterogenous nuclear ribonucleoprotein D), which is in agreement with the angiogenic effects of PR-11. Overexpression of hnRPN D in macrophages leads to decreased levels of endogenous VEGF, through its binding to the 3´-UTR of VEGF mRNA [27] . We also hypothesize that the angiogenic promoting effects of PR-11 are unlikely associated to VEGFR-2 activation. At least two observations in this study support this hypothesis: downregulated levels of PDCL3 (phosducin-like 3) and increased expression of R-ras. The former is a chaperone whose activity is associated to high expression levels of VEGFR-2 [28, 29] , whilst R-ras is a signalling molecule that prevents internalization of this receptor [30] .
-Nuclear factor kappa B pathway
The NF-κB protein family members are transcription factors responsible for regulation of expression of several genes, including those encoding cytokines and plasma membrane receptors. Therefore, their roles in both innate and adaptive immune responses as well as in inflammatory processes have been established [31, 32] . In particular, abolishing proteasomal degradation of IκB, an inhibitor of NF-κB, by the peptides PR-11 and PR-39 leads to decreased expression of NF-κB dependent pro-inflammatory proteins such as VCAM-1 (vascular cell adhesion molecule-1) and ICAM-1 (intercellular adhesion molecule-1) [15, 16] . In this context, after 10 h exposure we found lower levels of PKA C-alpha, a catalytic subunit of protein kinase A, involved in in vitro activation and nuclear translocation of NF-κB in unstimulated murine cells [33] . Corroborating this finding, at the same time point decreased levels of ILK (integrin-linked kinase) [34] and UBE2N (a ubiquitin-conjugating Ratio N 1 corresponds to an increase in abundance, whereas b1 indicates decreased levels. Proteins identified only in untreated cells or exposed fibroblasts are marked as fold infinity (±). Table 2 . Silver staining.
enzyme) [35] were also detected, giving further evidences of negative regulation of the NF-κB pathway through distinct mechanisms. There is only one published work describing the effects of the PR-11 peptide to culture cells [36] . The authors have demonstrated decreased expression of VCAM-1 in endothelial cells exposed to 1 μM PR-11. The cells were previously stimulated with TNF-α and the protein VCAM-1 detected by western blotting. Although this protein has not been identified as differentially expressed in our study, other three proteins whose transcription is NF-κB dependent were found to be differentially expressed (e.g., PKA C-alpha, ILK and UBE2N) in agreement with the anti-inflammatory effect attributed to the PR-11 peptide.
Differentially expressed proteins shown to have a role in oncogenesis were found for the three timing points. At 2 h, decreased levels of ASNA1, prostaglandin E synthase 3 (p23) and prostaglandin reductase 2 (PTGR2) were observed. Reduced expression of ASNA1, an ATPase required to insertion of tail-anchored proteins to the endoplasmic reticulum, is associated to inhibition of cell growth and increased apoptosis in melanoma cells [37] . The co-chaperone p23 is a subunit of the Hsp90 complex shown to be upregulated in several cancers, mainly in metastatic cells [38] [39] [40] . As for the prostaglandin E2 metabolism, the knockdown of PTGR2 suppressed cell growth and induced apoptosis in gastric cancer [41] . At 6 h post exposure, downregulation of MEMO1 (mediator of ErbB2-driven cell motility 1) also suggests a role for PR-11 in interfering with cell motility. Overexpression of MEMO1 has been associated to aggressiveness and increased potential for metastasis in pancreatic and mammary gland cell lines [42, 43] . Lower levels of CAP1 (adenylyl cyclase-dependent protein 1) and exportin-1 (XPO-1) were found at 10 h exposure. CAP1 is a structural and highly conserved molecule involved in regulation of actin filaments [44] . Knocking down expression of CAP1 through RNAi inhibited proliferation and cell migration in three cancer cell models [45] [46] [47] . XPO-1 is tightly linked to cell-cycle regulation by mediating the nucleus to cytoplasm transportation of proteins such as those encoded by tumour suppressor genes [48] . In fact, overexpression of XPO-1 has been associated to different cancer types such as leukemias, gliomas and osteosarcomas [49] [50] [51] . Altogether, our findings potentially highlight novel biological properties of PR-11 that could be of interest to cancer research.
Our final approach aimed the identification of PR-11 interacting proteins by means of affinity chromatography using the immobilized peptide. After stringent washing steps, PR-11 bound proteins were selectively eluted using soluble PR-11. One out of nine protein bands appeared significantly enriched in a 1-D gel separation as revealed by silver staining. This particular protein (band 7) was identified as gC1qR (complement component 1, q subcomponent binding protein), an acid glycoprotein able to bind with high affinity to the globular portion of complement C1q [52] . This protein is reported to be found in distinct cell compartments such as mitochondria, nucleus and membranes of various cell types [53] [54] [55] and its function has been related to growth and survival of many tumour models [56] . More recently, Agemy et al.
(2013) identified gC1qR as a ligand and transporter of the positively charged peptide CGKRK, which shares structural similarity to the Nterminal portion of PR-11, coupled to a pro-apoptotic drug in breast cancer models. Once bound to surface gC1qR, the complex is internalized to the mitochondria where the drug is released [57] . In agreement to our findings, it has previously been reported that PR-39 is easily taken up by fibroblasts, possibly by a receptor ligand exposed on the cell membrane [21] . Given the noticeable enrichment of gC1qR as a target of PR-11 in our affinity approach, here we provide preliminary evidence of gC1qR mediating the interaction and internalization of this peptide.
The remaining eight putative PR-11 ligands, all found at vanishingly small amounts, deserve further investigation to discriminate genuine from unspecific interaction with PR-11. Anyhow, the identification of two urea cycle components (ornithine carbamoyltransferase and arginase-1) might indicate that those enzymes are capable to interact with peptides rich in proline and arginine residues. This possible interaction remains to be conclusively demonstrated. In corroboration with our findings, a recent report revealed E. coli proteins related to the metabolism of arginine and ornithine as ligands of PR-39 using a microarray approach [58] .
Various proteins known to reduce the cellular oxidative stress were also co-eluted (e.g., catalase, peroxiredoxin-6 and glutathione Stransferase isoforms). It was previously demonstrated that the PR-39 peptide decrease the production of superoxide radicals through binding and inhibition of NADPH oxidase [13] . In this context, our findings suggest a similar role for the PR-11 peptide broadening its antiinflammatory properties.
Conclusion
Here we aimed to provide the first inventory of proteomic alterations caused by exposure of cultured fibroblasts to the PR-11 peptide. Proteins Relative area detector (%) was obtained by dividing the area of given protein by the total area detected for all proteins identified in that band.
that appeared significantly altered were dependent on the timing of exposure and were predominantly related to signalling, transcription and translation. Of note, our data revealed proteins involved with the HIF-1α and NF-κB being altered, highlighting the capabilities of PR-11 to interfere with inflammatory processes and favour angiogenesis. Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.bbapap.2016.09.017.
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